A new approach to measurements of photosynthesis by isolated chloroplasts has been devised. Intact isolated chloroplasts were trapped in the cavities of membrane filters. The thin layers of chloroplasts so obtained were assayed for 02 evolution and CO2 assimilation in leafchambers. Photosynthetic gas exchange could be demonstrated to take place either in a closed or a flow-through system. The chloroplasts were morphologically intact as shown by light or sanning electron microscopy and displayed stable rates of photosynthesis in the presence of phosphate and alkaline phosphatase. Here we shall describe attempts we have made to trap CSS', in order to be able to investigate their function under conditions more closely resembling those in leaves. In this way, the ratio of chloroplasts to suspending medium could be increased 100-fold.
The contribution of in vitro experiments to the understanding of photosynthesis has been considerable. The availability, since the late 1960s, of fully competent isolated chloroplasts has, for example, made possible the discovery and understanding of transport mechanisms and done much to further understanding of regulation in photosynthesis (for a review see Edwards and Walker [5] ) but the artificiality of the in vitro system emerges when attempts are made to investigate the photosynthetic process under steady-state conditions. Because of the dilution in the assay medium of the triose-P produced in photosynthesis and the associated consumption of Pi, there is a constant change in the conditions under which the chloroplasts are photosynthesizing. This leads to a continuous decline in rate once a maximum has been reached. In addition, there is a constant increase of 02 in the medium in which the chloroplasts are suspended.
Here we shall describe attempts we have made to trap CSS', in order to be able to investigate their function under conditions more closely resembling those in leaves. In this way, the ratio of chloroplasts to suspending medium could be increased 100-fold.
In the past, several attempts have been made to immobilize chloroplasts for the purpose of stabilization, but these attempts were restricted, with one exception (7) , to the preservation and measurements of electron transport, with complete loss ofcapacity for carbon assimilation (1, (8) (9) (10) 12 Chloroplast Isolation. Intact isolated spinach chloroplasts were prepared using a low ionic strength medium, as previously described for peas (3) . Sixty g of deribbed leaves were ground for 2 s using a Polytron (Kinematica) blender in 200 ml of isolation medium. After rapid filtration through cotton-wool and muslin, the suspension was spun in four tubes of Sorvall RC5-C centrifuge (rotor HS-4) at 1700g (3000 rpm). A total centrifugation time of 220 s (20 s only at full speed) gave a {w2dt of 7 x 106. The four pellets were resuspended in 80 ml of isolation medium and spun again in two tubes at the same speed, but for a total time of 210 s (10 s at full speed) giving a {w2dt of 6 x 106. The final pellets were resuspended in 0.5 ml of resuspension medium using a fine-paint brush. The preparations were 85 to 90% intact as judged by ferricyanide penetration ( 11) with maximal rates of C02-dependent O2 evolution ranging from 200 to 340 Mmol 02/ mg Chl * h.
Media. A medium containing 330 mM sorbitol, 10 mM KC1, 1 mM EDTA, and 50 mM Hepes buffer, adjusted to pH 7.9 with KOH, prepared at double strength, was the basis of all other media used. The isolation medium was the basic medium diluted 25-fold with 330 mm sorbitol. The resuspending medium was basic medium with the addition of 1 mM MgC92, 1 mm MnC12, and 10 mg/ml of BSA.
Chloroplasts on Solid Support. Several different filter types and sizes, filter holders, and chloroplasts to medium volume ratios could be used, but the following procedure gave the most reproducible results. A cellulose-nitrate membrane filter (Sartorius SM 1 1301) of 50 mm diameter and 8 um nominal pore size was mounted on a 100 ml capacity filter holder (Sartorius SM16219) and washed with 30 ml of basic medium. The flow rate was high enough to enable the use of filtration dependent on gravity alone. Chloroplasts (containing 250 ,g of Chl in 30 ml of basic medium) were filtered so that the chloroplasts were trapped on the membrane filter. The effective filtration area was 12.5 cm2 so that each cm2 retained 20 ug of Chl. Ten ml of basic medium were then filtered through the chloroplasts, followed by 2 ml of the final assay medium. The filter, now supporting the chloroplasts, was transferred to a petri dish containing 3 ml of assay medium. A 10 cm2 disc of CSS was cut and placed in position below the perspex window of a leaf-disc chamber (4).
Chlorophyll Determination. The Chl concentration of chloroplasts in solution was determined by diluting 25 jl of suspension in 10 ml of 80% acetone and reading the absorbance of the filtered acetone solution at 652 nm according to Bruisma (2) . Chl from CSS and leaves was extracted with 20 ml of NNdimethylformamide and, after filtration, the concentration determined using the equation of Inskeep and Bloom (6) .
Light and Scanning Microscopy. The surface and the fractured edge of CSS was examined using SEM, light, and stereo microscopy. Preparation for SEM involved fixing in 3% glutaraldehyde The first differential of 02 change was computed and plotted using a BBC computer programme written by John McAuley (13) .
IRGA. CO2 uptake was measured by IRGA (ADC, 225 MK3, Hoddesdon, U.K.) operated in a differential mode. Air or high CO2 mixture (1000 ,ul/L C02, 20% 02, balance N2) was provided from gas cylinders. The gases were humidified at room temperature (over 20C) and delivered at a regulated flow rate of 200 ml/min to both the gas exchange chamber and the reference cell of the IRGA. The gas-exchange chamber was thermostated at 20°C and illuminated through the top water filter with white light (1400 zmol quanta/M2 s-400-700 nm; Schott KL1 500, Mainz). The system was calibrated so that depletion of C02, in ,l/L could be read directly from the chart recorder (Rikadenki, R-50).
Biochemicals. Catalase (EC 1.11.1.6), alkaline phosphatase (EC 3.1.3.1), and carbonic anhydrase (EC 4.2.1.1) were purchased from Sigma. The other reagents were of proanalysis grade. Figure 1 is a scanning electron micrograph of the surface of CSS. Chloroplasts can be seen trapped between the cellulose fibers of the membrane filter. They were of the same size and appearance as those in leaves. Under the light microscope the chloroplasts appeared intact and uniformly distributed on the membrane filter (up to one third of the depth of the filter as revealed by stereo microscopy) (not shown). The CSS evolve 02 (Figs. 2 and 3 ) and fix CO2 (Fig. 4) . They depend on Pi for maximal activity, but their relation to Pi is different from that of the chloroplasts in suspension. Because of the small volume of surrounding assay medium in CSS, Pi availability is small even at concentrations which would be inhibitory to chloroplasts in suspension (at 3 mm, and a volume of 0.1 ml, the Pi available would be 0.3 urmol, i.e. sufficient for 0.9 Amol 02 at most). In CSS these concentrations of Pi are not inhibitory, presumably because of a faster buildup of intermediates in the surrounding medium. On the other hand, even at very low concentrations of Pi, which would be consumed in less than 1 min, high and constant ratels of 02 evolution for more than 20 min could be sustained by the addition of alkaline phosphatase. This enzyme hydrolyses the ester bond of the triose phosphates, liberating Pi. Under these conditions, the CSS behave like the chloroplasts in leaves in the sense that they depend only on a supply of CO2 for continuous photosynthesis.
RESULTS AND DISCUSSION
The stability of CSS is illustrated in Figure 3 in an experiment in which CSS were reilluminated after a 15 min dark period. It will be seen that 02 was still evolved at its maximal rate 30 min after the first illumination, a feature rarely seen in chloroplast in suspension.
The demonstration of CO2 fixation in CSS (Fig. 4) opens the possibility ofthe use ofinfra-red gas analysis for the measurement of photosynthesis in vitro. Gas transients (not shown) and the effect of gas concentration can now be investigated without the troublesome use of radioisotopes. For example, the increase of CO2 concentration from air level to 1000 i.l/L tripled the rate of CO2 assimilation (Fig. 4) . The main problem with the CSS system is the control of water evaporation in a flow-through system, but with appropriate adjustment of temperature and moisture content of the gas, the CSS can remain wet and active for long periods.
We believe that the introduction of CSS will diminish the existing gap between photosynthesis in chloroplasts measured in vitro and in vivo. In addition, CSS offers potential solution to many problems of spectroscopic, fluorimetric, and gas exchange measurements with isolated chloroplasts. 
